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MOBILE , ALABAMA 


I. KEY WORD ABSTRACT 

Application 
Collector Type 
Collector Manufacturer 
Collector Area 
Storage Capacity 
Hot Water Load 
BTU's Produced 
Building Owner 
Solar System Designer 
Contractor (Installer) 


Domestic Hot Water 
Flat Plate, Liquid 
Raypak, Inc. 

1990 sq. ft. (Approximate) 

2500 gallons 

7 . 36 x 10 8 BTU/year 

4.95 x 10 8 BTU/year 

La Quinta Motor Inns, Inc. 

Travis-Braun ** Associates 

Professional Plumbing & Heating 


II. INTRODUCTION 

La Quinta Motor Inns, Inc. retained Travis-Braun & Associates 
to design a solar assisted domestic hot water system for the new 
122 unit La Quinta Motor Inn in Mobile, Alabama. The system was 
designed to supply approximately two thirds of the total hot water 
load. The Inn is a low-rise, two story building with flat roof for 
installation of solar panels. 

III. DESIGN PHILOSOPHY 


The Mobile, Alabama property was chosen for solar installation 
because of the favorable climatic condition and also because electric 
hot water heating was specified for this property in response to the 
Government's request to conserve natural gas during the energy crunch 
of the 1970's. 

The system consists of six rows of ten collectors and three 
rows of eleven collectors mounted on the roof of the property. 
Griswald flow control valves were installed to regulate the flow to 
each row. Two Heliotrope electronic thermometers with a combined 
capability of measuring the temperatures of 22 different locations 
were installed for monitoring purposes. 

Two heat exchanger tube bundles were installed in the 2500 
gallon storage for transferring the solar heat to the domestic hot 
water system. 
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A. Collectors 


The collectors chosen for this project were Model SG-18P 
manufactured by Raypak, Inc. A total of 93 collectors were 
used. The collectors were supplied with Model PR- 18 Solar 
Panel Rack Kit which successfully withstood the force of 
Hurricane Frederick without any structural damage. 

(See attached sheets on Raypak collectors.) 

B. Storage System 

A 2500 gallon insulated vertical steel storage tank was 
located outdoors next to the Inn's cooling tower. Temperature 
sensors and thermometers were installed in the storage tank 
for control function as well as monitoring purposes. A 1/12 Hp 
Grundfos recirculating pump was installed to improve heat 
transfer between the heat exchangers and stored water. 

C. Heat Exchangers 

Two heat exchanger tube bundles were mounted into the 
storage tank. The upper heat exchanger which served to extract 
heat from the storage tank to the domestic hot water system 
was sized for 100 gpm at 10°F temperature rise. The lower 
heat exchanger which served to transfer heat from the solar 
collectors to the storage tank was sized for 51 gpm at 10°F 
temperature drop. 

A solution ^f ethylene glycol was used as heat transfer 
fluid between the solar collectors and the lower heat exchanger. 
With the use of the upper heat exchanger for the domestic hot 
water system, a double wall separation was achieved between 
the domestic hot water system and the ethylene glycol. 

D. Pump and Controls 

Two solar loop pumps, each sized for 100% of the solar 
system requirements were installed. The pumps are controlled 
by a temperature differential controller with an alternator 
for equal usage of the pumps. 
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IV. 


OPERATION OF THE SYSTEM 


The system was put into operation in the summer of 1979. 
Except for a few minor leaks in the piping, the system performed 
as designed until the property was struck by Hurricane Frederick 
in September of 1979. Flying debris did extensive damage to the 
solar panels and the solar system was delayed due to the need to 
wait for the completion of roof repair. The system was finally 
repaired by the end of January, 1980 and has been operating 
satisfactorily since then. 

V. PROBLEMS ENCOUNTERED AND SOLUTIONS 


In checking out the system after repairing the damages 
inflicted by Hurricane Frederick, it was noted that a few temperature 
readings were illogical. This was traced to incorrect wiring 
connections and true readings obtained after re-wiring. 








APPENDIX A 


ROOF PLAN/SOLAR 
FOR 

LA QUINTA MOTOR INNS, INC. 


MOBILE, ALABAMA 














APPENDIX B 


OPERATOR'S INSTRUCTIONS 
AND 

MAINTENANCE MANUAL 


B-l 




e£>LAK SYSTEM LA QUIKITA M6>T*7g I KIN 
SCHEMATIC M06IL ALABAMA 







I 


GENERAL DISCUSSION 


This is a closed solar system utilizing two heat exchangers to 
transfer heat from the solar collectors to the domestic hot water 
system. Please refer to attached schematic drawing of the solar 
system. 

P-1 and P-2 are solar loop pumps that circulate a solution of 
ethylene glycol and water between the solar collectors and the heat 
exchanger, HX-1. Only one solar loop pump is needed for the syscem 
operation, the other solar loop pump serves as 100% standby. The 
solar loop pumps are controlled by a temperature differential 
controller which starts the pump when the temperature at the solar 
collectors is 15°F higher than the temperature in the 2500 gallon 
storage tank. The temperature differential controller will de- 
activate the solar loop pump when the temperature at the solar 
collectors is not more than 3°F higher than the temperature in the 
2500 gallon storage tank. An alternator alternates the operation 
of P-1 and P-2 for equal usage. 

P-3 is a recirculating pump to improve the heat transfer between 
the heat exchangers and the stored water in the 2500 gallon storage 
tank. P-3 is interlocked with P-1 and P-2 so that if either P-) or 
P-2 is activated, so will P-3. 

Domestic cold water will enter heat exchanger, HX-2, to be 
preheated before entering the 750 gallon water heater. When the 
temperature in the 2500 gallon storage tank reached a minimum of 
10°F higher than the temperature of the water in the 750 gallon water 
heater, another temperature differential controller will activate 
pump P-4 to transfer the heat from the 2500 gallon storage tank t< 
the 750 gallon water heater. Pump P-4 will be de-activated when the 
temperature in the 2500 gallon storage tank is only 5°F higher than 
the temperature of the 750 gallon water heater. 

P-5 is the usual hot water recirculating pump of the buildings 
hot water system. 

Mixing valve, V- 1 is set to prevent the temperature of the hot 
water supplied to the building from exceeding 140°F. 
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MAINTENANCE REQUIREMENTS 


1. Once a Week: 

a. Check fluid level in the solar system expansion tank. 

If low, add a 50-50 mixture of ethylene glycol and water 
to the system. CAUTION: NEVER ADD PLAIN WATER TO THE 

SYSTEM. 

2. Once a Month: 

a. Wash glass surfaces of the solar collectors using a mild 
detergent solution and a soft brush. Thoroughly rinse 
with clean water. 

b. Check temperature differential controllers and alternator 
for proper operation. 

c. Check for fluid leaks from collectors and piping. 

3. Once a Year: 

a. Check pump seals for leakage. 

b. Draw a sample of heat transfer fluid from the solar system 
for analysis and determination of any action needed to 
provide maximum corrosion inhibition. 
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I ' i> soiai collector panels shall be Raypak Model SG16P. 
Ovl-i all measurements, including tie-down brackets shall 
U 17% X 62% X 3% and weigh 105 lbs. (Model -DG-18P - 
37; , X 8214 X 4% and weigh '135 lbs.), “ “ 

~ - ' . ,T T.*-/- : _ 

Watt- rways to be of grid' design," consisting ©f r 3/8" OD 
coruiyi tubing on 3%" centers terminated ’In' 6/8" OD •-'» 
copper headers, and soldered with high;temperature silver 
so di i. Water inlet and outlet located .on top and bottom ); 


The absorber surface shall . be .020 . aluminum which is 
swage fitted over the 3/8" copper tubing to form a tight 
fit for good heat transfer, and the absorber plate shall have £ - s 
flat black thermal setting paint* baked at 400°F/ on all -’v- 

single and double glaze panels. iV , >V" y - • * 

'■ f ‘ ' X ; • It * 

All panel containers will be constructed of 20 gauge metal, "’•■f 
gah.inized and painted with a baked enamel finish. The 
cabinets shall have 3" of one-pound insulation • on the 
hot turn and 2" of three-pound insulation around the per- 
imeter. The U factor of the casing bottom and sides shall 
tw .065 and .032 BTU/FT _ The absorber plate shall be 
isolated from the cabinet with neoprene grommets and 
iso! itois. Removable = desiccant package 'shal|,i7be acces : 
sidle through weather proof olate.e-^. y 

1 he upjser portion of the single glare collector shall consist 
of one sheet of .02% low iron double strength tempered 
gGss with a spectral value of 91.5%. (Double glaze consists 
of two sheets with 
eii-d glass is to 
DO G 140 3b. 




Giass shall be held in place by specially designed holding 
block-:. High temperature rubber shipping will insulate 
.a id 1 st late glass from the canine* The giass retainer frame 
shall rv easily removable venirally to allow replacement 
of glass or absorber piate without disturbing the cabinet. 
Alt components shall lx; totally field tepiaceable. , ■ •>. . 

• ‘I. it 
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Series 1531 pumps available from stock SELECTION 

An important feature of the t S3 1 Type B pumps is the availability of the most commonly used pump-body and 
motor combinations from factory stock These stock pumps assure quick service when immediate shipment of 
pumps is required All stock pumps are of bronze fitted construction. 

Each pump is available with 208 or 230/460 volt. 60 cycle. 3 phase dripproof motor For pump capacities or 
motor characteristics other than those shown see pages 8 through 11 









VERTICAL 

SPLIT-CASE DESIGN 


PERFORMANCE PROVED 



DURABLE 
PUMP SHAFT 


TIME PROVEN 
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Construction Materials 

STANDARD MECHANICAL SEAL 


(for parts in contact with fluid pumped) 


DESCRIPTION 

BRONZE FITTED PUMP 

ALL IRON PUMP 

ALL BRONZE PUMP 

Impeller 

Bronze 

Cast Iron 

Bronze 

Impeller Key 

Stainless Stoel 

Stainless Steel 

Stainless Steel 

Impeller Washer 

Brass 

Steel 

Brass 

Impeller Lock Washer 

Stainless Steel 

Stainless Steel 

Stainless Steel 

Impeller Screw 

Stainless Steel 

Stainless Steel 

Stainless Steel 

Shaft 

Steel 

Steel 

Steel 

Shaft Sleeve 

Aluminum Bronze 

Stainless Steel 

Aluminum Bronze 

Slinger 

Neoprene 

Neoprene 

Neoprene 

Volute 

Cast Iron 

Cast Iron 

Bronze 

Volute Gasket 

Impregnated Paper 

Impregnated Paper 

Impregnated Paper 

Seal/Seat 

Carbon/Ceramic 

Carbon/Ceramic 

Carbon/Ceramic 



Construction Materials (for parts in contact with fluid pumped) 


STUFFING BOX CONSTRUCTION 


DESCRIPTION 


Impeller 
Impeller Key 
Impeller Washer 
Impeller Lock Washer 
Impeller Screw 
Packing 
Lantern Ring 
Gland 

Gland Nuts and Bolts 
Shaft 

Shalt Sleeve 

Slinger 

Volute 

Volute Gasket 
Shaft Seal/Seat 
(Single) 

(Double) 


BRONZE FITTED PUMP 


Bronze 

Stainless Steel 
Brass 

Stainless Steel 
Stainless Steel 
Impregnated Asbestos 
Glass Filled Tetion 
Bionze 

Stumloss Stool 
Steel 

Stainless Steel 
Neoprene 
Cast Iron 

Impregnated Paper 

Tungsten Carbide/Carbon 
Ceramic/Caibon 


ALL IRON PUMP 


Cast Iron 
Stainless Stoel 
Steel 

Stainless Stool 
Stainless Steel 
Impregnated Asbestos 
Glass Filled Tetion 
Cast Iron 
Stainless Steel 
Steel 

Stainless Steel 
Neoprene 
Cast Iron 

Impregnated Paper 

Tungsten Caibide/Carbon 
Ceramic/Carbon 

















Seven Vital Points 

Explain the preference for the B&G BOOSTER PUMP 

ns ^ h i 


T f .1 purne rcuuisite ol a forced 
hot water healing pun>p is quiet 
operation' in this respect the 
B&G Boo .te' pump is com- 
pletely O' i; landing 

All open motors except 1 HP 
and l’i HP single phase rat- 
ings are manufactured bv Bell 
j & Gossett to rigid specitica 
, lions and are approved bv CSA 
and recogniMd under the com 
p o n » n t program ot Unde 
writers l at'Oiata'ies Inc 


The B&G Booster pu p S hatt 
is big ovprsir* d a'lordmg 
large bearing surfaces 

Note the thrust collar an nte 
grai pah ot the shatt It pre 
vents end-thrust movement a 
deadly enemy of sea and mo- 
tor bearings 


Bronze sleeve-type bearings 
are extia long to maintain the 
shatt in exact alignment A spe 
dial lubrication groove is ma 
Chined into each bearing to 
provide a constant circulation 
ot oil over the bearing surtaco 
These teatures combine to 
assure smooth dependable 
quiet operation 


This seal provides protection 
agamst water leakage into the 
bearings and has a long record 
ol successtul operation The 
extremely hard material ot 
which the seal is made and its 
ingen, ous method ot assembly 
assure long service 


1 
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1 ill 
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II. 



Till • ot t» « ho sil l P;im( 
, upu-r aie field togpther witt 
pnner a design wmch d.im 
p, nr vibra'ion and no r b.ncr 
• it on o* noise is a pi' 
rr-a r > conside’ at rn in hialinc 
pump conalnietron, ttrn l leal 
r e r.'iup’ing is a notable tea 
lure ot me B&G Booster pump 
It h.i>- ‘-e h a succe*stui rec 
Bl 

’vd' me pjmps througt 


# tjt 

‘ -a >• 


The oiling system o' a B&G 
booster pump is very simple 
and extiemeiy effective Oil 'S 
carried up by wool wrkmg 
trom a reservoir and keeps me 
snaM and bearings in a con 
bnuous bath ot oil 


The impeller is ot true centrifu- 
gal design The unique con- 
struction effectively prevents 
the accumulation ot at' at the 
seal tacc* which assures long 
s«*ai lite and qu<et operation 
Close tolerances between im 
pellc' and pump body keep 
water slippage to a minimum 

•*,>»-! S ’ M • 


Servicing ol B&G Booster 
Pumps is srmplitied because 
the pumps are manutactured 
to rigid specifications arid 
quality standards which assure 
complete interchangeability ot 
parts 

By removing a tew boils the 
Booster pump can be sepa , 
rated into three parts permit 
tntj 5 1 . m.r without bri .nun , 

P pe . mnechons 


v % 







APPENDIX D 


VERIFICATION 


D-l 


VERIFICATIONS 


1. Final Field Inspection 

A team consisting of Jay Forester, Ronald Wang (Comer's Represen- 
tatives) , Douglas Westrope (Department of Energy Representative), 
and Jack Lortie (Installing Contractor) met for final inspection 
on March 3 and 4, 1980. 

The installation was found to be complete and operating as called 
for in the plans. The control system was checked out and confirmed 
to be performing as designed. 

2. Data obtained During Final Field Inspection 
Please see attached sheets. 


3. Acceptance 

The installation is considered completed and accepted, 

x 

< / ( ( , 


Ronald K. Wang / 

Mechanical/E loot r ieal Engineer 
Development Division 
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At t acliments 


MOBILE LA QUTNTA SOIAR INSTALLATION 


DATE 



March 3. 1980 


Tim: 




4:00 Dm 

Solar Bank A Temp., 

op 

153 

145 

131 

Solar Bank B Temp,, 

Op 

153 

146 

131 

Solar Bank C Temp., 

Op 

154 

147 

133 

Solar Bank D Temp. , 

Op 

154 

147 

134 

Solar Bank E Temp. , 

Op 

154 

146 

131 

Solar Bank F Temp., 

Op 

155 

148 

135 

Solar Bank G Temp. , 

Op 

153 

145 

130 

Solar Bank 11 Temp., 

Op 

153 

145 

134 

Solar Bank I Temp., 

°F 

153 

145 

130 

Inlet Temp, to 
HX- 1 (Solar) 

Op 

155 

150 

134 

Outlet Temp, from 
HX— 1 (Solar) 

Op 

132* 

135 

118* 

Inlet Temp, to 
HX-2 (HW) 

°F 

56 

57 

89 

Outlet Temp, from 
HX-2 (HW) 

Op 

81 

94 

93 

Insolation 

BTU/sq. ft. 

380 

385 

380 

Solar Pump Flow 

C.P.M. 

38 

38 

38 

Storaqe Tank Temp., 

Op 

129 

131 

130 


* Insulation downstream of sensor temporarily 
removed for inspection. 
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_ ._M-.rrli4. IVHO 


imp 


IP! Pi ,|||| 

l .:< *•!•• *w -in 

1 : in p:.- 

olar Bank A Temp. , 

Op 

Ml 


141 

•ol.tr Bank B Temp., 

°F 

14 l 

1 9 

M2 

Malar Bank C Ten) . . 

°P 

1 Hi 

1 '0 

144 

Solm Bank P Torn 

•v 

• in 

j . 1 1 

IS"' 

Polar Bank r T wt. . , 

°r 

tii* 

, t 

• » 

i » 

’-'lar Bank t 


1 • 

i 

i i 

: olar Bank <’ * . % » . > , 

>• 


■ • . 

9 • i 
1 • 

Malar Bank P ’fVnii 

•'i 

l .»o 

i 

!•; j 

Solar Bank 1 Temp., 

•v 

1 Ml 

i •• 

1*. 2 

in lot Temp. In 
li\- 1 (Solar) 

• 

IT' 

l <:i 

111 

Outlet Temp. from 
ILX-l (Solar) 

°r 

m 

i?') 

IT/ 

inlet Temp, t.o 
IlX-2 (ilW) 

‘V 

r j« 

5H 

*;n 

Outlet Temp, from 
1DC-2 (IlW) 

‘V 

65 

82 


Insol at i ait 

1 Til /fig. It. 

J00 

60 - 390* 

80 - 1201 

Solar Tump klow 

li.l'.M. 

38 

t»» 

■|H 

Storage Tank Temp., 

"r 

.’5 

90 

IOH 

t-Clouds |)dK6illi| <*'*«• 

r i »«' . »fl . 
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